Palaeoenvironmental data from the high-resolution spore-pollen analysis of laminated sediments from newly-taken Core 3 -Varna Lake were combined with analyses of dinoflagellate cysts, acritarchs and other non-pollen palynomorphs (NPP), including fossil algal and fungal remains. The location of the core is close to submerged prehistorical sites and permits the palaeoenvironmental correlations of obtained results with available archaeological and geochronological data. The established Age Model shows that the accumulation of lake sediments started after 7870 cal. BP and is connected with a rise of the Black Sea level. One-hundred-ninety-cm-long molluskan shell hash layer of Mytilus galloprovincialis covers the interval from 7776 to 6183 cal. BP. The mixed oak and hornbeam forests dominated the vegetation cover during the Atlantic, Subboreal and Subatlantic chronozones of the Holocene. An important change in the forest composition occurred at ca 5598 cal. BP, when Carpinus betulus increased its spreading due to climatic changes. The high-resolution reconstruction of palaeovegetation also reveals the extent of anthropogenic influence in Varna Lake area. Two periods of significant presence of pollen from cultivated cereals, weeds and ruderals were identified. According to the available AMS-radiocarbon data, these periods are attributed to the Late Eneolithic and Early Bronze Age. The anthropogenic impact on the natural vegetation has been identified by deforestation and agricultural practice. The Transitional period without human activities between these two periods lasted ca 319 years
Introduction. Over the last decades, archaeologists have faced the necessity to reconstruct ancient settlement history not only through the study of the material excavated, but also with the use of palaeoenvironmental parameters. The coastal lakes offer great possibilities for investigations of the Holocene sediments as reliable sources of rich biostratigraphic information in order to trace out the palaeoecological changes and human impact on the natural vegetation. The palaeoecological information for the northern Bulgarian Black Sea coastal area was retrieved from Durankulak Lake [ 1, 2 ], Shabla-Ezerets Lake system [ 3 ] , as well as Varna-Beloslav Lake system (submerged prehistorical settlements near the villages of Strashimirovo and Povelyanovo, and Arsenala area) [ 4 ] . Several stages of development of Varna Lake based on the character of sediments, hydrological conditions and radiocarbon dates were delimited. The palaeoecological data offered an opportunity for drawing a conclusion about the influence of the climate on the Black Sea transgressions and regressions and other palaeoenvironmental conditions along Varna Lake area. Based on a complex palaeobotanical and archaeological investigations, the human influence on vegetation from Eneolithic to present days was traced out. Unfortunately, because of the lack of AMS radiocarbon dates, precise and high-resolution geochronology could not be established and it was not possible to correlate adequately the results with archaeological chronology. On the other hand, laminated sediments (varves) have never been palynologically investigated from the upper-mentioned sites. With a view to addressing these unresolved questions, a new Core-3 with laminated sediments from Varna Lake was dated by AMS-radiocarbon dating and an Age Model was created. The core was analysed for pollen, spores, dinoflagellate cysts, arcritarchs and other non-pollen palynomorphs. The main results of this high-resolution palaeoecological study are discussed in attempt to shed additional light on vegetation dynamics during the Holocene and to get detailed information about the human impact particularly during the Late Eneolithic and Early Bronze Age. The obtained geoarchaeological information is compared with the results from the previous palaeoecological studies, the available archaeological evidence and radiocarbon chronology.
Material and methods. Varna Lake is situated in Northeastern Bulgaria (Fig. 1) . It is the largest by volume and deepest liman along the Bulgarian Black Sea Coast with area of 17 km 2 , maximal depth of 19 m, and water volume of 166 million m 3 . The sediment Core-3 was obtained from the northern coast of Varna Lake near the wharf Transstroy area (Fig. 1) at a water depth of 6 m.
The core is 995 cm long but its palynologically-investigated length is 870 cm. It contains dark grey clay and laminated sediments (varves). Seven samples of sediments were submitted for radiocarbon dating ( Table 1 ). The radiocarbon dates were obtained in the National Ocean Sciences Accelerator Mass Spectrometry (NOSAMS) Facility of Woods Hole Oceanographic Institution. The dates have been calibrated using the latest version 6.1.0 of programme Calib [ 5 ] using the IntCal09 curve in order to be correlated with the available archaeological and geochronological data. An Age Model (Fig. 2) for the sedimentation rate of the core was created by the newest version 1.17.16 of the TILIA software [ 6 ] . The lithology of the core is shown in Fig. 3 .
Thirty-five samples for pollen analysis were processed according to the acetolysis laboratory method slightly modified to remove the mineral components with sodium pyrophosphate and hydrofluoric acid [ 7 ] . By this procedure, cysts of some insignificant dinoflagellate species could be lost, but the main indicative taxa are preserved. The pollen types were determined using the reference collection of the Museum of Natural History of Varna and the available keys [ 8, 9 ]. 60  80  100  120  140  160  180  200  220  240  260  280  300  320  340  360  380  400  420  440  460  480  500  520  540  560  580  600  620  640  660  680  700  720  740  760  780  800  820  840 Discussion. LPASZ Vn-1a. The palynological record and radiocarbon data imply that the vegetation palaeosuccession started from 7870 cal. BP and could be correlated to the Early Atlantic chronozone of the Holocene. Mixed oak forests were widespread and reached their maximal distribution. The extremely high values of arboreal pollen suggest dense forests dominated by Quercus with abundant other temperate species such as Ulmus, Corylus, Tilia, Carpinus betulus, Fraxinus excelsior and Fagus. The presence of indicator species such as Hedera suggests high humidity and temperature. Probably Quercus and other constituents of the mixed oak forests colonised the best soils in the area around Varna Lake as well as the neighbouring Momino and Frangensko Plateau. Low percentage values of Pinus diploxylon-type, Abies and Picea in the fossil record reflect a long-distance transport. Single pollen grains of Juglans found in this subzone confirm that the walnut was preserved along the Bulgarian Black Sea Coast during the Late Glacial [ 13 ] . Single pollen grains of Triticum probably belong to the wild species Triticum boeoticum Boiss. and are not indicative of human activity. The absence of anthropogenic activities is also suggested by the lack of fungal spores of dung inhabiting taxa.
The high percentage values of marine dinoflagellates Lingulodinium machaerophorum and Spiniferites belerius, as well as acritarchs Cymatiosphaera globulosa suggest that the lake formation started after 7076 ± 109 14 C years BP (7870 cal. BP) due to the increase of the Black Sea level during the First Phase of the Vityazevyan Black Sea Transgression [ 14 ] . Most probably, Provadiyska River valley was submerged and turned into firth connected with the sea. The accumulation of dark gray clay over the light gray clay with Neweuxinian (Pleniglacial) Age of 17800 ± 210 14 C years BP occurred. These data are in conformity with the results of previously investigated core "Arsenala" from the southern coast of Varna Lake, where the beginning of deposition of sandy clay mud started after 7495 ± 95 14 C years BP. The beginning of accumulation of gyttja over the light gray clay with Neweuxinian Age of 11 000 ± 500 14 C was dated in Shabla Lake at 6800 ± 100 14 C years BP. After a short time of ca 94 years, a change in sedimentation and formation of molluskan shell hash layer of Mytilus galloprovincialis Lamarck occurred after ca 7776 cal. BP during the Second Phase of the Vityazevyan Black Sea Transgression [ 14 ] .
LPASZ Vn-1b. The palaeoecological record corresponds to the Late Eneolithic according to the AMS date 5360 ± 50 14 C years BP (4189 cal. BC) from the base of the subzone. Arboreal taxa are presented with lower percentages during the interval of deforestation provides evidence for clearance of oak woodlands by cutting. This is also confirmed by archaeological findings of stone tools such as axes and adzes from Varna Lake area during the Late Eneolithic. The appearance of Carpinus orientalis and Fraxinus ornus is connected with degradation of forests due to a strong anthropogenic influence. Palynological data confirm the archaeological information that agriculture was the basis of Eneolithic economy along the Bulgarian Black Sea Coast [ 15 ] . Significant pollen percentages of cultivated cereals including Cerealia-type and Triticum, and to a lower extent Hordeum occurred in this subzone. According to some authors [ 2, 4 ], Triticum monococcum, T. dicoccum, T. aestivum and Hordeum vulgare were the main crops during the Late Eneolithic. Weeds such as Centaurea cyanus-type and Papaver were also presented. Ruderals Plantago lanceolata, Polygonum aviculare, Cichoriaceae, Carduus-type and Urtica confirmed well-developed farming, pasture formation and stockbreeding during the existence of Late Eneolithic settlements in Varna Lake area. The results are in accordance with data from previous palynological investigations of cores from the Varna-Beloslav Lake system [ 4 ] and from Sozopol Harbour (Table 3) [ 16 ]. The high anthropogenic influence on palaeoenvironment is also confirmed by dung indicators such as Podosporatype (Type 368a), Cercophora-type (Type 112), Sordaria-type (Type 55a) and Chaetomium (Type 7a).
The low percentage values of marine dinoflagellate cysts Lingulodinium machaerophorum, the presence of coenobia of Pediastrum boryanum and pollen of aquatic species such as Myriophyllum spicatum and Potamogeton suggest the brackish water environment and shallow open relatively eutrophic waters during the Late Eneolithic. The Black Sea level was low and soils around Varna Lake were humid, rich in humus and suitable for cultivation during the time of inhabitance of the area.
LPASZ Vn-2a. The AP/NAP ratio suggests enlargement of area covered by mixed oak forests. A characteristic feature is the significant increase of Carpinus betulus after the decrease of Quercus at ca 5821 cal. BP (3871 cal. BC). This species probably forms detached monodominant communities as well. The increase of Carpinus betulus is due to its migration from refugia in Strandzha Mt [ 13 ] . The decrease of pollen of cereals and other anthropogenic species such as Plantago lanceolata, Polygonum aviculare, Cichoriaceae, Carduus-type and Urtica and the gap in human activities confirm a cultural hiatus of ca 319 years between the Late Eneolithic and Early Bronze Age.
The maximum values of cysts of euryhaline marine dinoflagellates Lingulodinium machaerophorum and Spiniferites belerius, acritarchs Cymatiosphaera globulosa and Micrhystridium cf. ariakense, as well as Foraminifera (Type 120) at 5598 cal. BP suggest influx of marine waters and increase of salinity in the brackish water lake. Most probably, the sea level became higher and influenced Varna Lake area during the First Phase of the Kalamitian Black Sea Transgression [ 14 ] . This supports the assumption that settlements near Varna Lake were abandoned. According to the archaeological chronology [ 12 ] , this subzone corresponds to the Transitional Period of the Northern Black Sea coast (Posteneolithic, Protobronze) and dated at 4150-3200 cal. BC [ 17 ] . For the Southern part of the Bulgarian Black Sea Coast and especially for the area of submerged prehistorical settlement in the harbour of Sozopol, the same period covers the time span 3850-3200 cal. BC [ 18 ] . According to some authors [ 12 ] , the Eneolithic cultures in the northeastern part of the Balkan Peninsula were lost at ca 4200 cal. BC because of the ecological catastrophe caused by high annual temperatures during the culmination of the climatic optimum.
LPASZ Vn-2b. This subzone is marked by another decrease of arboreal vegetation with re-expansion of cereals and anthropophytes. Low values of AP could be explained as a succession related to a climate change during the Subboreal but also as an indicator of strong human impact. The decrease of AP mainly of Quercus and the constant presence of Carpinus orientalis could be associated with degradation of the mixed oak forests. The maximal presence of cultivated cereals such as Cerealia-type, Triticum and Hordeum marks their significant abundance and indicates the intensity of human impact. Cereal crop weeds such as Centaurea cyanus-type and Papaver also occur in the pollen record and are most probably connected with wheat cultivation. The increase of secondary anthropogenic indicators such as Polygonum aviculare, Plantago lanceolata, Filipendula, Cichoriaceae and Centaurea jacea-type suggests stockbreeding and enlargement of meadows and pastures. According to some authors [ 19 ] , Urtica shows the formation of habitats rich in nitrates. Additional evidence for grazing comes from the fungal NPP record dominated by dung-inhabiting taxa such as Cercophora (Type 112), Sordaria (Type 55a), Podospora (Type 368a) and Chaetomium (Type 7a). The record of spores of these coprophyllous fungi indicates the presence of domestic animals near the sampling site. The maximum of coenobia of Pediastrum boryanum that is dominant in brackish waters with salinity of 6-8‰ could also be connected with human impact. Pediastrum species are ecologically classified usually as indicators of oligo-to meso-saprobic waters, but they have wide ecological tolerance The increase of local elements such as Typha/Sparganium, Typha latifolia, Cyperaceae, Alisma, Potamogeton, Myriophylum spicatum and Polygonum persicaria during this period is probably also connected with lowering of the water level. The decrease of dinoflagellate cysts Lingulodinium machaerophorum and acritarchs Cymatiosphaera globulosa indicates that after the Transitional period the Black Sea level started to decrease and make area around Varna Lake inhabitable again. The soil was damp and settlers needed to build their dwellings on wooden platforms. Large stretches of the forests around the settlement came under strong anthropogenic influence due to the cutting of wood and timber for constructions of prehistoric settlements and horizontal platforms. LPASZ Vn-2c. The AMS-radiocarbon date of 3030 ± 50 14 C years BP (1280 cal. BC), the characteristic vegetation succession and the maximum values of acritarch Pseudoschizaea circulata that is characteristic of the Late Holocene marine sediments allow the correlation of this zone to the end of the Subboreal and the beginning of the Subatlantic. Mixed oak and hornbeam forest were still dominant. A main characteristic feature is the increase of Ulmus along with the increase of Hedera as indicator of increased humidity. The human impact during this period could be associated with the Late Bronze Age, when a decrease of percentage values of Cerealia-type, Hordeum and other anthropogenic indicators such as Polygonum aviculare, Plantago lanceolata, Filipendula, Cichoriaceae, Scabiosa and Centaurea jacea-type was registered. Dung indicator species Podospora (Type 368a), Chaetomium (Type 7a) and Cercophora-type (Type 112) decrease at the same time as coenobia of Pediastrum boryanum and confirm a decrease of intensity of human impact. Spores of Glomus (Type 207) that occur on roots of variety of arboreal host plants indicate erosion of soil in the catchment of Varna Lake.
The marine dinoflagelate cysts of Lingulodinium machaerophorum and Spiniferites belerius and acritarchs Cymatiosphaera globulosa are regularly presented together with Typha/Sparganium, Typha latifolia, Cyperaceae, Potamogeton and Myriophylum spicatum that are tolerant to brackish water conditions. At the end of the subzone, the increase of marine dinoflagelate cysts suggests a significant marine influence.
LPAZ Vn-3. This zone reflects vegetation dynamics during the Subatlantic. The most characteristic feature is the formation of the modern vegetation communities along the coast. Mixed oak and hornbeam forest decreased probably due to the human impact during the Iron Epoch. This is confirmed by the increase of cereals and other anthropophytes such as Plantago lanceolata, Polygonum aviculare and Filipendula. Most probably, Carpinus orientalis enlarged its spreading in the areas covered by oak after their degradation. The increase of Alnus, Ulmus, Fraxinus excelsior and Fagus is due to the increase of humidity and cooling of climate as suggested by the presence of single pollen grains of Hedera, Vitis, Humulus/Cannabis-type and Ephedra. This is connected with the formation of riverine-flooded forests along the river valleys of the Bulgarian Black Sea Coast. The sharp decrease of marine dinoflagelate cysts together with the presence of cysts of stenohaline dinoflagelate Spiniferites cruciformis coincides with the decrease of sea surface salinity (SSS) of Black Sea waters.
Conclusions. The multiproxy and high-resolution palaeoenvironmental study of the investigated Core-3 contributed to the elucidation of important details in the Holocene vegetation history and human activities along Varna Lake area for the last 7870 cal. BP. The main conclusions that could be drawn are: (1) The vegetation during the Early Atlantic was dominated by mixed oak forests; (2) An important change in the forest composition occurred at ca 5598 cal. BP, when Carpinus betulus increased its spreading due to climatic changes; (3) The anthropogenic impact on the natural vegetation was identified during the Late Eneolithic and Early Bronze Age by deforestation and agricultural practice; (4) The Transitional Period without human activities lasted ca 319 years and was connected with increase of salinity due to increased Black Sea level after ca 5821 cal. BP during the First Phase of Kalamitian Black Sea Transgression; (5) The lake sedimentation started after ca 7870 cal. BP due to an increase of sea level during the First Phase of the Vityazevyan Black Sea Transgression; (6) The formation of molluskan shell hash layer of Mytilus galloprovincialis occurred after 7776 cal. BP during the Second Phase of the Vityazevyan Black Sea Transgression.
